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1
SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior U.S. Provisional Application 62/213,
251, filed on Sep. 2, 20135, the entire contents of which are

incorporated herein by reference.

BACKGROUND

1. Field
An embodiment of the present invention relates to a

semiconductor memory device.
2. Description of the Related Art

One of semiconductor memory devices 1s a tlash memory.
Particularly, a NAND flash memory 1s widely used in

general due to low cost and a large capacity. In addition,
many technmiques have been suggested so far i order to
obtain a larger capacity of the NAND flash memory. For
example, miniaturization of a memory cell array and multi-
value recording of a memory cell correspond to such tech-
niques.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram of a semiconductor
memory device according to a first embodiment.

FIG. 2 1s a circuit diagram of the memory cell array 1n the
semiconductor memory device according to the first
embodiment.

FIG. 3 1s a diagram 1llustrating a relationship between a
threshold distribution and data of the memory cell 1n the

semiconductor memory device according to the first
embodiment.

FIG. 4 1s a diagram illustrating a state of the threshold
distribution of the memory cell during data write 1n the
semiconductor memory device according to the first
embodiment.

FIG. 5§ 1s a diagram that describes an order of executing
programming stages of the semiconductor memory device
according to the first embodiment.

FIG. 6 1s a diagram illustrating a relationship of the
threshold distribution of the memory cell divided based on
data of a neighboring memory cell in the semiconductor
memory device according to the first embodiment.

FI1G. 7 1s a diagram that describes grouping of the memory
cell based on the data of the neighboring memory cell 1n the
semiconductor memory device according to the first
embodiment.

FIG. 8 1s a flowchart of data read in the semiconductor
memory device according to the first embodiment.

FIG. 9 1s a diagram 1llustrating an operation waveform
during the data read in the semiconductor memory device
according to the first embodiment.

FIG. 10 1s a diagram 1illustrating a relationship between a
group of the memory cell and a value of a latch circuit 1n the
semiconductor memory device according to the first
embodiment.

FIG. 11 1s a diagram that describes a relationship between
data of a neighboring memory cell and a group of the
memory cell in a semiconductor memory device according,
to a second embodiment.

FI1G. 12 1s a diagram 1llustrating a relationship between a
group of the memory cell and a value of a latch circuit 1n the
semiconductor memory device according to the second
embodiment.
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FIG. 13 1s a diagram 1llustrating an operation waveform
during data read in the semiconductor memory device

according to the second embodiment.

FIG. 14 1s a diagram 1llustrating a relationship between a
threshold distribution and data of a memory cell in a
semiconductor memory device according to a third embodi-
ment.

FIG. 15 1s a diagram 1illustrating a state of the threshold
distribution of the memory cell during data write 1n the
semiconductor memory device according to the third
embodiment.

FIG. 16 1s a diagram that describes an order of executing
programming stages of the semiconductor memory device
according to the third embodiment.

FIG. 17 1s a diagram 1llustrating a relationship of the
threshold distribution of the memory cell divided based on
data of a neighboring memory cell in the semiconductor
memory device according to the third embodiment.

FIG. 18 1s a diagram that describes grouping of the
memory cell based on the data of the neighboring memory
cell 1n the semiconductor memory device according to the
third embodiment.

FIG. 19 1s a diagram that describes another grouping of
the memory cell based on the data of the neighboring
memory cell 1n the semiconductor memory device according
to the third embodiment.

FIG. 20 1s a flowchart of data read in the semiconductor
memory device according to the third embodiment.

FIG. 21 1s a diagram 1illustrating an operation wavelform
during the data read in the semiconductor memory device
according to the third embodiment.

FIG. 22 1s a diagram 1llustrating a relationship between a
group of the memory cell and a value of a latch circuit 1n the
semiconductor memory device according to the third
embodiment.

DETAILED DESCRIPTION

A semiconductor memory device according to an embodi-
ment includes: a memory cell array that has a memory string
including a plurality of memory cells connected in series,
and a plurality of word lines connected to the memory cells;
and a control circuit that executes data write and data read
to the memory cell, in which one of the memory cells stores
data based on a threshold value having a plurality of levels
different from each other, the levels include an erase level
and a plurality of program levels, the memory cells have an
erase distribution corresponding to the erase level and a
program distribution and a temporal distribution corre-
sponding to each of the program levels as a threshold
distribution, the temporal distribution has a wider width than
the corresponding program distribution, the control circuit,
during the data write to one of the memory cells, sequen-
tially executes an erasing stage in which the threshold value
of the memory cell 1s transitioned 1nto the erase distribution,
a preliminary programming stage in which the threshold
value of the memory cell 1s transitioned into the temporal
distribution corresponding to write data, and a main pro-
gramming stage 1n which the threshold value of the memory
cell 1s transitioned into the program distribution correspond-
ing to the write data, the memory cells include a first
memory cell and a neighboring memory cell which neigh-
bors on the first memory cell, the word lines include a
neighboring word line connected to the neighboring memory
cell, and the control circuit executes a main reading stage,
during the data read to the first memory cell, which includes
a main reading step of adjusting a read pass voltage to be
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applied to the neighboring word line based on a magnitude
of a threshold value of the neighboring memory cell, and
reading whether the first memory cell 1s the erase level.

Hereinafter, a description will be given regarding a semi-
conductor memory device according to an embodiment with
reference to the drawings.

First Embodiment

First, a description will be given regarding the entire
configuration of a semiconductor memory device according
to a first embodiment. Incidentally, a description will be
given by exemplifying a NAND tlash memory.

FIG. 1 1s a functional block diagram of the semiconductor
memory device according to the first embodiment.

The semiconductor memory device 1s provided with a
NAND chip 10, and a controller 11 that controls the NAND
chip 10.

The NAND chip 10 1s provided with a memory cell array
1. The memory cell array 1 has a plurality of bit lines
extending i a column direction, a plurality of word lines
and source lines mm a row direction, and a plurality of
memory cells to be selected by the bit line and the word line.
The memory cell array 1 will be described later.

Incidentally, data read according to the first embodiment
1s performed 1n a unit called a “page”, for example. Here, the
page also means a unmity of the same bits of each memory cell
in a case 1 which multiple bits are stored in one memory cell
in some cases. Meanwhile, 1n embodiments, the latter 1s
distinguished such that a page formed of the lowermost bits
will be referred to as an “L (lower) page”, a page formed of
second bits will be referred to as an “M (middle) page”, and
a page formed of the uppermost bits will be referred to as an
“U (upper) page” 1n the case of using 3 bit/cell, for example.

In addition, data write according to the first embodiment
1s performed 1n units of a memory cell MC group connected
commonly to one word line WL. Hereinafter, this unit will
be also referred to as a “word line unit” 1n some cases.

In addition, the NAND chip 10 1s provided with a control
circuit that executes a read sequence which 1s a series of
processes for the data read and a write sequence which 1s a
series ol processes for the data write. The control circuit has
a row decoder/word line driver 2a, a column decoder 25, a
page buller 3, a row address register 5aq, a column address
register 5b, a logic control circuit 6, a sequence control
circuit 7, a voltage generating circuit 8, and an I/O bufler 9.

The row decoder/word line driver 2a drives the word line
and a select gate line to be described later, of the memory
cell array 1. The page buili

er 3 has a sense amplifier circuit
and a latch circuit for one page. Read data corresponding to
one page held by the page bufler 3 1s sequentially selected
by a column by the column decoder 256, and 1s output to an
external I/O terminal via the I/O bufler 9. Wrnite data
supplied from the I/O terminal 1s selected by the column
decoder 25 and 1s loaded to the page builer 3. The write data
corresponding to one page 1s loaded to the page builer 3.
Row and column address signals are input via the I/O buller
9, and are transferred respectively to the row decoder 2a and
the column decoder 254. The row address register 5a holds an
erase block address 1n the case of erase of data, and holes a
page address in the case of read and write of data. A start
column address for loading the write data before 1nitiating
the write sequence and a start column address for the read
sequence are mput to the column address register 55. The
column address register 36 holds the mput column address
until a write enable/WE or a read enable/RE 1s toggled
according to a predetermined condition.
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The logic control circuit 6 controls input of a command or
an address, and input and output of data based on a control
signal such as a chip enable signal/CE, a command enable
signal CLE, an address latch enable signal ALE, a write
cnable signal/WE, or a read enable signal/RE. A read
operation and a write operation are executed by a command.
After recerving the command, the sequence control circuit 7
performs a sequence control of read, write, or erase. The
voltage generating circuit 8 1s controlled by the sequence
control circuit 7, and generates a predetermined voltage
necessary for various operations.

The controller 11 controls the read sequence and the write
sequence according to a condition suitable for the present
write state of the NAND chip 10. Incidentally, it 1s also
possible to control some of the read sequence and the write
sequence by the control circuit of the NAND chip 10.

Next, the memory cell array 1 will be described.

FIG. 2 1s a circuit diagram of the memory cell array of the
semiconductor memory device according to the first
embodiment.

The memory cell array 1 has N word lines WL<0> to
<N-1>, select gate lines SGL<0> and <1>>, and a source line
SL extending in the row direction, and M bit lines BL<0> to
<M-1> and M memory strings MS<0> to <M-1> extending
in the column direction. Each of the memory strings MS has
N memory cells MC<0> to <N-1> connected 1n series, and
select gate transistors SG<0> and <1> connected at both
ends thereof. Each of the memory cells MC 1s configured
using a transistor that has a channel on a semiconductor
substrate, a charge storage layer (for example, a floating
gate) formed on the channel, and a control gate formed on
the charge storage layer.

A source of the select gate transistor SG<0> 1s connected
to the source line SL. A drain of the select gate transistor
SG<1> 1s connected to one of the bit lines BL<0> to
<M-1>. The control gates of the memory cells MC<0> to
<N-1> are connected to the word lines WL<0> to <N-1>.
Gates of the select gate transistors SG<0> and <1> are
connected to the select gate lines SGL<0> and <1>.

In the above-described configuration, the M memory
strings MS<0> to <M-1>, which are arranged 1n the row
direction, configure one block BLK. The block BLK 1s a unit
of collective erase of data. The memory cell array has L
blocks BLK<0> to <LL—1> arranged in the column direction.

The word line WL and the select gate line SGL are driven

by the row decoder 2a In addition, each of the bit lines BL
1s connected to the sense amplifier circuit S/A of the page
buflfer 3.
Next, a description will be given regarding data allocation
to a threshold distribution of the memory cell MC. In the first
embodiment, a description will be given by exemplifying
the case of 3 bit/cell.

FIG. 3 1s a diagram 1llustrating a relationship between the
threshold distribution and data of the memory cell 1n the
semiconductor memory device according to the first
embodiment.

The memory cell MC according to the first embodiment
stores eight-value data based on threshold voltages Vth
having different eight levels. These eight levels include an
crase level representing the threshold voltage Vth of a case
in which data 1s erased, and seven program levels represent-
ing the threshold voltage Vth of a case 1n which data is
programmed. In addition, the memory cells MC has an erase
distribution corresponding to the erase level and seven
program distributions corresponding to the seven program
levels as the threshold distribution. Hereinatter, the erase
level and data corresponding thereto will be also referred to
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as an “ER level”, and the seven program levels and data
corresponding thereto will be referred to as an “A level” to
a “G level” 1n some cases.

Although there are various data allocation methods to the
threshold voltages Vth of the memory cell MC, a data
allocation method 1llustrated in FIG. 3 will be used 1n the
first embodiment. In other words, the eight-value data is
allocated to the eight levels such that the ER level=°"111", the
A level=110’, the B level="100’, the C level="000’, the D
level=010", the E level=°011", the F level=001", and the G
level=101".

Each bit of data 1s read through size determination using
read levels Vra to Vrg, as a reference, set to a boundary
between ‘0" and ‘1°, which 1s indicated by the broken line in
FIG. 3. In the read of the L page, for example, determination
on whether the threshold voltage Vth of the memory cell MC
1s lower than the read level Vra between the ER level and the
A level, and determination on whether the threshold voltage
Vth of the memory cell MC 1s upper than the read level Vre
between the D level and the E level are executed to deter-
mine whether the bitis “1” or °0’. In general, 1t 1s considered
that an error 1s likely to occur as the read operation increases,
and further, the A-level read and the G-level read are highly
likely to cause an error as compared to the other read
operation. In regard to such a point, the A-level read 1is
allocated to the L-page read and the G-level read 1s allocated
to the U-page read while increasing the read operations of
the M-page read according to the data allocation method
illustrated 1n FIG. 3, and thus, a read error occurrence rate
from each page becomes even at some extent. In this
manner, it 1s possible to enhance efliciency of error detection
and correction (ECC) to be executed during the data read.

Next, a description will be given regarding the data write
to the memory cell MC.

Hereinafter, a memory cell MC<n+1> which belongs to
the same memory string MS<m> (m=0 to M-1) as a
predetermined memory cell MC<n> (n 1s an mnteger among,
0 to N-2), and neighbors on the predetermined memory cell
MC<n> on the select gate transistor SG<1> side will be
referred to as a “neighboring memory cell”, and the word
line WL which 1s connected to a neighboring memory cell
MC will be referred to as a “neighboring word line” 1n some
cases.

FIG. 4 1s a diagram illustrating a state of the threshold
distribution of the memory cell during data writing 1n the
semiconductor memory device according to the first
embodiment.

In the first embodiment, the data write to the memory cell
MC 1s realized through the write sequence including an
crasing stage (hereinafter, referred to as an “ER stage™) and
three programming stages. The three programming stages
include the intermediate programming stage (hereimafter,
referred to as an “LM stage”), the preliminary programming,
stage (hereinafter, referred to as a “foggy stage™), the main
programming stage (hereinafter, referred to as a “fine
stage”). Hereinatter, such a system of data write will be
referred to as a “three-stage programming system”.

The ER stage 1s a stage in which the memory cell MC 1s
erased to the ER level. The ER stage 1s executed 1 units of
the memory block MB. The three programming stages to be
executed as follows are executed on the assumption of the
memory cell MC of the ER level.

The LM stage 1s a stage in which the memory cell MC
having the write data to be programmed to the D to G levels
1s programmed to the LM level, which 1s an intermediate

level between the ER level and the D level. The three
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programming stages including the above-described stage are
executed 1n unmits of the word line.

The foggy stage 15 a stage 1n which rough programming,
depending on the write data 1s executed to the memory cell
MC. To be specific, the threshold voltage Vth of the memory
cell MC 1s transitioned 1nto seven temporal distributions
corresponding to the A level to the G level to the memory
cells MC having the write data of the A to G levels 1n the
foggy stage. Here, each temporal distribution has a wider
width than the corresponding program distribution, and 1s
the distribution having an upper limit low to the same extent.
In other words, a plurality of the temporal distributions are
set such that a difference between lower limits of the
temporal distribution and the program distribution corre-
sponding to a certain level, and a difference between lower
levels of the temporal distribution and the program distri-
bution corresponding to another level have the same extent.

The fine stage 1s a stage i which fine programming
depending on the write data 1s executed to the memory cell
MC. To be specific, the memory cell MC having the write
data of the A to G levels 1s programmed to the A level to the
G level 1n the fine stage.

Next, a description will be given regarding an order of
executing the three programming stages to the memory cells
MC.

FIG. § 1s a diagram that describes the order of executing
the programming stages of the semiconductor memory
device according to the first embodiment.

The programming stages to the memory cells MC are
executed 1n the order such that the LM stage to the memory
cell MC<0> group connected to the word line WL<0>—the
LM stage to the memory cell MC<1> group connected to the
word line W<1>—the foggy stage to the memory cell
MC<0> group—the LM stage to the memory cell MC<2>
group connected to the word line WL<2>—the foggy stage
to the memory cell MC<1> group—the fine stage to the
memory cell MC<0> group— . . . —the LM stage to the
memory cell MC<n+2> group connected to the word line
WL<n+2>—the foggy stage to the memory cell MC<n+1>
group connected to the word line WL<n+1>—the fine stage
to the memory cell MC<n> group connected to the word line
Wlh<n>— . . ..

In the three-stage programming system, the program 1s
executed 1 order from the memory cell MC on the source
line SL side as a whole when focusing one memory string
MS, while the fine stage to the memory cell MC<n> 1s
executed after the foggy stage to the neighboring memory
cell MC<n+1> on the bit line BL side 1n the case of focusing
cach programming stage. As a result, the influence of the
interference eflect between cells generated 1n the memory
cell MC<n> 1s canceled by the LM stage and the foggy stage
to the memory cell MC<n+1>.

However, the following problem still remains even 1n the
case of using the three-stage programming system described
above.

FIG. 6 1s a diagram 1illustrating a relationship of the
threshold distribution of the memory cell divided based on
data of the neighboring memory cell in the semiconductor
memory device according to the first embodiment. Refer-
ence sign SA in FIG. 6 represents the entire threshold
distribution of the memory cells MC, and reference signs
SB, SC, SD and SE in FIG. 6 represent the threshold
distributions of the memory cell MC<n> group divided 1n a
case 1n which the neighboring memory cell MC<n+1> is the
ER/A level, the B/C level, the D/E level, and the F/G level

among the memory cells MC.
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As described above, it 1s possible to obtain the effect of
suppressing the interference eflect between cells according
to the three-stage programming system by executing the fine
stage to the memory cell MC<n> group connected to the
word line WL<n> after executing the foggy stage to the
memory cell MC<n+1> group connected to the neighboring
word line WL<n+1>. In other words, it 1s dithicult to obtain
the above-described eflect for the memory cell MC to which
the fine stage of setting the write data to the ER level 1s not
executed. As a result, the threshold distribution of the ER
level 1s shifted to a positive voltage side depending on
intensity of the program to the neighboring memory cell
MC<n+1> as illustrated 1in FIG. 6. Further, a margin between
the threshold distributions of the ER level and the A level
changes depending on the intensity of the program.

In regard to such a point, it 1s understood that the read
level Vra seems to be suitable when focusing on the entire
threshold distribution of the memory cell MC, but, as
illustrated in FIG. 6, 1s not necessarily set to a suitable value
when analyzing the threshold distribution based on data of
the neighboring memory cell MC<n+1>. Each white arrow
in FIG. 6 represents the suitable read level Vra.

Thus, 1in the first embodiment, the interference effect
between cells, which 1s hardly suppressed by the three-stage
programming system, 1s corrected retroactively through the
read sequence to be described next.

The read sequence of the first embodiment corrects the
threshold voltage Vth of the focused memory cell MC<n>
by adjusting a read pass voltage of the drain side to be
applied to the neighboring word line WL<n+1>. In addition,
the adjustment of the drain-side read pass voltage aims to
solve the problem of the margin between the threshold
distributions of the ER level and the A level, and thus, 1s
executed only during the L-page read which only includes
the A-level read which reads whether the threshold voltage
Vth 1s the ER level.

To be specific, first, a magnitude of the interference effect
between cells that the neighboring memory cell MC<n+1>
applies to the memory cell MC<n> 1s determined based on
a height of the threshold voltage Vth of the neighboring
memory cell MC<n+1>. The height of the threshold voltage
Vth of the neighboring memory cell MC<n+1> 1s deter-
mined using a data D<n+1>. Further, the memory cell
MC<n> 1s grouped based on the magnitude of the interfer-
ence ellect between cells, and then, the drain-side read pass
voltage to be applied to the neighboring word line WL<n+
1> 1s adjusted based on a group G<n> therecol. As the
interference eflect between cells of the threshold voltage Vth
increases, the amount of shift to the positive side increases,
and thus, the drain-side read pass voltage to be applied to the
neighboring word line WL<n+1> also increases the neigh-
boring word line WL<n+1>. In this manner, it 1s possible to
suitably correct the influence of the interference eflect
between cells to the memory cell MC<n> depending on the
intensity thereof.

FIG. 7 1s a diagram that describes grouping of the memory
cell based on the data of the neighboring memory cells 1n the
semiconductor memory device according to the first
embodiment.

The group G<n> of the memory cell MC<n> 1s set based
on the magnitude of the interference eflect between cells
caused according to the programming stage of the neigh-
boring memory cell MC<n+1>. In other words, the group
G<n> 1s set based on the amount of transition of the
threshold voltage Vth to the data D<n+1> which 1s pro-
grammed to the neighboring memory cell MC<n+1> from

the ER level.
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In the example of FIG. 7, the ER level to the G level of
the neighboring memory cell MC<n+1> are divided by two
levels, and the group G<n+1> of the memory cell MC<n> 1s
determined depending on the division result. To be specific,
the memory cell MC<n> 1s set to have the group G<n>=1 1n
a case 1n which the neighboring memory cell MC<n+1> has
the data D<n+1>=the ER level/the A level, the group
G<n>=2 1n the case of the data D<n+1>=the B level/the C
level, the group G<n>=3 1n the case of the data D<n+1>=the
D level/the E level, and the group G<n>=4 1n the case of the
data D<n+1>=the F level/the G level.

FIG. 8 15 a tlowchart of the data read 1n the semiconductor
memory device according to the first embodiment, and FIG.
9 1s a diagram 1llustrating the operation waveform during the
data read in the same semiconductor memory device. FIGS.
8 and 9 illustrate the case of the L-page read.

The read sequence according to the first embodiment
includes two stages of a preliminary reading stage 1n which
the group G<n> of the memory cell MC<n> 1s determined,
and a main reading stage 1 which the data of the memory
cell MC<n> 1s read based on a result of the preliminary
reading stage.

Steps S110 to S130 of FIG. 8 are included 1n the prelimi-
nary reading stage.

When the read sequence 1s mmitiated, first, the data
D<n+1> of the neighboring memory cell MC<n+1> 1s read
in Step S110. Here, first, a read pass voltage Vread sl 1s
applied to the word line WL<n> (Step S111 1n FIG. 9), the
read levels Vrb, Vrd and Vit are sequentially applied to the
neighboring word line WL<n+1> (Steps S112 to S114 1n
FIG. 9). Here, the read pass voltage Vraed_sl 1s a higher
voltage than an upper limit of the threshold distribution of
the G level, which i1s the highest level. The read pass voltage
Vread_sl 1s diflerent from a read pass voltage to be applied
to the different word line WL, and 1s independently con-
trolled. The read level Vrb 1s a voltage between the threshold
distributions of the A level and the B level, and the voltage
to be used to determine whether the group G<n>1s 1, or 2
or more. The read level Vrd 1s a voltage between the
threshold distributions of the C level and the D level, and the
voltage to be used to determine whether the group G<n> 1s
2 or less, or 3 or more. The read level Vri 1s a voltage
between the threshold distributions of the E level and the F
level, and the voltage to be used to determine whether the
group G<n>1s 3 or less, or 4.

Subsequently, the group G<n> of the memory cell
MC<n> 1s determined based on the data D<n+1> of the
neighboring memory cell MC<n+1> 1n Step S120.

Subsequently, the information of the group G<n> 1s held
in the latch circuit DL of the page bufler 3 1 Step S130.

FIG. 10 1s a diagram 1illustrating a relationship between
the group of the memory cell and a value of the latch circuit
in the semiconductor memory device according to the first
embodiment.

In the first embodiment, three latch circuits DL<0> to <2>
are prepared for each of the bit lines BL. Further, the latch
circuit DL<0> 1s used to hold the final read data, and the
latch circuits DL<1> and <2> are used to hold the informa-
tion of the group G<n> of the memory cell MC<n> among
these latch circuits DL. In Step S130, values to be held in the
latch circuits DL<1> and <2> are just as illustrated 1n FIG.
10.

Steps S140 to S180 of FIG. 8 are included 1n the main
reading stage. Steps S140 to S170 thereof are included in the
A-level read to the memory cell MC<n>.

In Step S140, the A-level read to the memory cell MC<n>
of the group G<n>=1 1s executed. Here, first, a drain-side
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read pass voltage Vreadla_al is applied to the neighboring
word line WL<n+1> (Step S141 m FIG. 9), and the read
level Vra 1s applied to the word line WL<n> (Step S142 1n
FIG. 9). Here, the drain-side read pass voltage Vreadla_al a
voltage adjusted for a case in which the memory cell
MC<n> has the group G<n>=1. Subsequently, the data
D<n> of the memory cell MC<n> 1s detected by the sense
amplifier circmit  SA.  Thereafter, calculation of
“DL<0><—SA-/DL<1>/DL<2>" (‘/” represents a negative,
and °-” represents a logical multiplication) 1s performed. The
calculation 1s used to extract only valid data among the data
D<n> detected 1n Step S140, and only the data D<n> of the
memory cell MC<n> of the group G<n>=1 1s reflected as a
value of the latch circuit DL<0>,

Subsequently, the A-level read to the memory cell
MC<n> of the group G<n>=2 1s executed 1n Step S150.
Here, first, a drain-side read pass voltage Vreadla_a2 is
applied to the neighboring word line WL<n+1> (Step S151
in FIG. 9) while maintaiming the read level Vra of the word
line WL<n> (Step S152 1n FIG. 9). Here, the drain-side read
pass voltage Vreadla_a2 1s a voltage adjusted for a case in
which the memory cell MC<n> has the group G<n>=2, and
1s a value higher than the drain-side read pass voltage
Vreadla_al of the case of the group G<n>=1. Subsequently,
the data D<n> of the memory cell MC<n> 1s detected by the
sense amplifier circuit SA. Thereafter, calculation of
“DL<0><—DL<0>+SA-/DL<1>-DL<2>" (‘+° represents a
logical addition) 1s executed. From such calculation, only
the data D<n> of the memory cell MC<n> of the group
G<n>=2 1s retlected as a value of the latch circuit DL<0>.

Subsequently, the A-level read to the memory cell
MC<n> of the group G<n>=3 1s executed in Step S160.
Here, first, Here, first, a drain-side read pass voltage Vread-
la_a3 1s applied to the neighboring word line WL<n+1>
(Step S161 1n FIG. 9) while maintaining the read level Vra
of the word line WL<n> (Step S162 1n FIG. 9). Here, the
drain-side read pass voltage Vreadla_a3 1s a voltage adjusted
for a case 1n which the memory cell MC<n> has the group
G<n>=3, and 1s a value still higher than the drain-side read
pass voltage Vreadla_a2 of the case of the group G<n>=2.
Subsequently, the data D<n> of the memory cell MC<n> 1s
detected by the sense amplifier circuit SA. Thereatfter, cal-
culation of “DL<0><-DL<0>+SA-DL<1>-/DL<2>" 1s
executed. From such calculation, only the data D<n> of the
memory cell MC<n> of the group G<n>=3 is retlected as a
value of the latch circuit DL<0>.

Subsequently, the A-level read to the memory cell
MC<n> of the group G<n>=4 1s executed in Step S170.
Here, first, Here, first, a drain-side read pass voltage Vread-
la_ad 1s applied to the neighboring word line WL<n+1>
(Step S171 1n FIG. 9) while maintaining the read level Vra
of the word line WL<n> (Step S172 1n FIG. 9). Here, the
drain-side read pass voltage Vreadla_ad 1s a voltage adjusted
for a case 1n which the memory cell MC<n> has the group
G<n>=4, and 1s a value still higher than the drain-side read
pass voltage Vreadla_a3 of the case of the group G<n>=3.
Subsequently, the data D<n> of the memory cell MC<n> 1s
detected by the sense amplifier circuit SA. Thereatfter, cal-
culation of “DL<0><-DL<0>+SA-DL<1>DL<2>" 1s
executed. From such calculation, only the data D<n> of the
memory cell MC<n> of the group G<n>=4 is retlected as a
value of the latch circuit DL<0>.

In the above-described Steps S140 to S170, the drain-side
read pass voltage to be applied to the neighboring word line
WL<n+1> 1s adjusted for each of the groups G<n>, and the
data D<n> of the memory cell MC<n> of the group G<n>
1s adopted.
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Lastly, the E-level read to the memory cell MC<n> 1s
executed 1n Step S180. Here, first, a drain-side read pass

voltage Vread_d1 1s applied to the neighboring word line
WL<n+1> (Step S181 1n FIG. 9), and the read level Vre 1s
applied to the word line WL<n> (Step S182 in FIG. 9). The
drain-side read pass voltage Vread_d1 1s different from a
read pass voltage to be applied to the diflerent word line WL,
and 1s mdependently controlled. The read level Vre 1s a
voltage between the threshold distributions of the D level
and the F level, 1s used to determine whether the data D<n>
of the memory cell MC<n> 1s equal to or lower than the D
level.

The read sequence according to the first embodiment 1s
described as above.

In the case of the data write of the three-stage program-
ming system, a problem 1s that the threshold distribution of
the ER level is transitioned to the positive voltage side due
to the interference eflect between cells. However, according,
to the first embodiment, 1t 1s possible to suitably perform the
data read on consideration of the intensity of the interference
cllect between cells by adopting the above-described read
sequence.

Incidentally, the processing of the A-level read for each of
the groups in the preliminary reading stage and the main
reading stage 1s added 1n the read sequence according to the
first embodiment, but the increase in the processing time for
the data read 1s limited due to such processing 1s necessary
only for the L-page read.

As above, 1t 1s possible to provide the semiconductor
memory device which uses the data write of the three-stage
programming system and causes few errors in the data read
according to the first embodiment.

Second Embodiment

A second embodiment 1s a modified example of the first
embodiment. Here, a description will be given regarding a
point different from the first embodiment.

FIG. 11 1s a diagram 1illustrating a relationship between
data of a neighboring memory cell and a group of the
memory cell 1n a semiconductor memory device according
to the second embodiment, and FIG. 12 1s a diagram
illustrating a relationship between the group and a latch
circuit in the same semiconductor memory device.

In the second embodiment, the memory cell MC<n> 1s
divided into the group G<n>=1 receiving a relatively small
interference eflect between cells and the group G<n>=2
receiving a relatively large terference eflect. In the
example of FIG. 11, the memory cell MC<n> has the group
G<n>=1 1n a case i which the neighboring memory cell
MC<n+1> has the data D<n+1>=the ER level to the E level,
and the group G<n>=2 1 a case mm which the data
D<n+1>=the F level/the G level. In the second embodiment,
since the group G<n> has two values, 1t 1s enough to provide
only the latch circuit DL<1> for one bit 1n order to hold the
information thereof as illustrated in FIG. 12.

FIG. 13 1s a diagram 1llustrating an operation waveform
during a read sequence 1n the semiconductor memory device
according to the second embodiment.

In the first preliminary reading stage, the group G<n> of
the memory cell MC<n> 1s determined from the data
D<n+1> of the neighboring memory cell MC<n+1>, and the
determination result 1s held 1n the latch circuit DL<1>>. Here,
the read pass voltage Vread_sl 1s applied to the word line
WL<n> (Step S211 i FIG. 13), and the read level Vri 1s
applied to the neighboring word line WL<n+1> (Step S212
in FI1G. 13). Here, the read level Vri 1s a voltage between the
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threshold distributions of the E level and the F level, and the
voltage to be used to determine whether the group G<n> 1s
1 or 2. In the second embodiment, since there are only two
groups, 1t 1s possible to determine the group G<n> only by
the F-level read to the neighboring memory cell MC<n>
different from the first embodiment.

In the subsequent main reading stage, the A-level read
(Steps S221, 5222, 5231, and 5232 1n FIG. 13) and the

E-level read (Steps S241 and S242 1n FIG. 13) are executed

to the memory cell MC<n>. However, the drain-side read
pass voltage to be applied to the neighboring word line
WL<n+1> 1s switched only between two steps of Vread-
la al and Vreadla a2 in the A-level read of the second
embodiment. Here, the drain-side read pass voltage Vread-
la_al a voltage adjusted for a case 1n which the memory cell
MC<n> has the group G<n>=1. The drain-side read pass
voltage Vreadla_a2 1s a voltage adjusted for a case 1n which
the memory cell MC<n> has the group G<n>=2, and 15 a
value higher than the drain-side read pass voltage Vread-
la_al of the case of the group G<n>=1. Thereafter, the
E-level read to the memory cell MC<n> 1s executed similar
to the first embodiment.

In the first embodiment, the memory cell MC<n> has
been grouped 1n a relatively fine manner based on the data
of the neighboring memory cell MC<n+1>. However, it 1s
enough to roughly adjust the drain-side read pass voltage to
be applied to the neighboring word line WL<n+1> 1n a case
in which there 1s a large margin between the threshold
distributions of the ER level and the A level. In this case, i1t
1s possible not only to suppress the intluence of the inter-
ference effect between cells to some extent, but also to
shorten the processing time of the A-level read for each
group 1n the preliminary reading stage and the main reading
stage by roughly grouping the memory cell MC<n> as 1n the
second embodiment.

Incidentally, although the grouping i1s performed with a
boundary between the E level and the F level in the example
of FIG. 11, the boundary of groups 1s arbitrary. In addition,
the number of groups 1s also arbitrary. That 1s, the number
of groups may be reduced, as 1n the second embodiment, or
may be increased than that 1n the case of the first embodi-
ment

Third E

Embodiment

In the first and second embodiments, the description has
been made regarding the semiconductor memory device
which uses the data write of the three-stage programming,
system. On the other hand, a description will be given
regarding a semiconductor memory device which uses data
write of a two-stage programming system to be described
later 1n a third embodiment.

First, a description will be given regarding data allocation
to a threshold distribution of a memory cell MC. In the third
embodiment, a description will be given by exemplifying
the case of 2 bit/cell.

FIG. 14 1s a diagram 1illustrating a relationship between a
threshold distribution and data of a memory cell mn a
semiconductor memory device according to a third embodi-
ment; The broken line of FIG. 14 indicates a boundary
between ‘0’ and ‘1’ that requires the read operation.

In the example of FIG. 14, the memory cell MC has four
levels of the ER level, the A level, the B level, and the C
level as the threshold voltage Vth, and allocation 1s per-
formed to these levels such that the ER level=°11", the A
level=‘01", the B level="00’, and the C level="10".
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Next, a description will be given regarding the data write
to the memory cell MC.

FIG. 15 1s a diagram 1llustrating a state of the threshold
distribution of the memory cell during the data write in the
semiconductor memory device according to the third
embodiment.

The data write of the third embodiment adopts the two-
stage programming system. The two-stage programming
approximates a system in which the foggy stage 1s excluded
from the three-stage programming system. To be specific,
the two-stage programming system 1s configured of the ER
stage, and two programming stages of a lower stage and an
upper stage.

The ER stage 1s the same as the ER stage 1n the three-stage
programming system.

The lower stage corresponds to the LM stage of the
three-stage programming system. In the two-stage program-
ming system, the threshold voltage Vth of the memory cell
MC 1s transitioned to the LM level, which 1s the intermediate
level of the ER level and the B level, to the memory cells
MC to which the relatively high B level and C level are
programmed.

The upper stage causes the threshold voltage Vth of the
memory cell MC to be transitioned to the A level to the
memory cells MC to which the A level 1s programmed
among the memory cells MC of the ER level. In addition, the
threshold voltage Vth of the memory cell MC 1s transitioned
to the B level or the C level to the memory cells MC of the

LM level.

Next, a description will be given regarding an order of
executing the two programming stages to the memory cells

MC.

FIG. 16 1s a diagram that describes the order of executing
the programming stages of the semiconductor memory
device according to the third embodiment.

The programming stages to the memory cells MC are
executed in the order such that the lower stage to the
memory cell MC<0> group connected to the word line
WL<0>—the lower stage to the memory cell MC<1> group
connected to the word line WL<1>—the upper stage to the

memory cell MC<0> group— . . . —the lower stage to the
memory cell MC<n+1> group connected to the word line
WL<n+1>—the upper stage to the memory cell MC<n>
group connected to the word line WL<n>— . . ..

In the two-stage programming system, the program 1s
executed 1n order from the memory cell MC on the source
line SL side as a whole when focusing one memory string
MS, while the upper stage to the memory cell MC<n> 1s
executed after the lower stage to the neighboring memory
cell MC<n+1> on the bit line BL side 1n the case of focusing
cach programming stage. As a result, the influence of the
interference effect between cells generated in the memory
cell MC<n> 1s canceled by the lower stage to the memory
cell MC<n+1>.

However, the following problem 1s generated 1n the case
of using the two-stage programming system described
above.

FIG. 17 1s a diagram 1illustrating a relationship of the
threshold distribution of the memory cell divided based on
data of a neighboring memory cell in the semiconductor
memory device according to the third embodiment. Refer-
ence sign SA in FIG. 17 represents the entire threshold
distribution of the memory cells MC, and reference signs
SB, SC, SD and SE 1n FIG. 17 represent the threshold

distributions of the memory cell MC<n> group having the
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neighboring memory cell MC<n+1> 1s the ER level, the A
level, the B level, and the C level among the memory cells
MC.

Similar to the three-stage programming system, the
threshold distribution of the ER level 1s shifted to the
positive voltage side due to the interference eflect between
cells caused 1n the focused memory cell MC<n> by the
lower stage and the upper stage to the neighboring memory
cell MC<n+1> also 1n the two-stage programming system.
Further, the intensity of the interference effect between cells
1s set based on the amount of transition of the threshold
voltage Vth to the data D<n+1> which 1s programmed to the
neighboring memory cell MC<n+1> from the ER level as
described also 1n the first embodiment.

In addition, there 1s no stage that corresponds to the foggy
stage ol the three-stage programming system in the case of
the two-stage programming system. Thus, the amount of
transition of the threshold voltage Vth 1n the upper stage 1s
significantly different depending on the data to be pro-
grammed. To be specific, the amount of transition of the
threshold voltage Vth of the memory cell MC 1s larger in the
case of the write data of the A level and the C level, than the
case of the write data of the ER level and the B level as
apparent from FIG. 15. In other words, the intensive pro-
gramming 1s required in the upper stage 1n the former case
than the latter case. As a result, the threshold distributions of
all the levels are shifted to the positive voltage side 1n a case
in which the neighboring memory cell MC<n+1> has the
data D<n+1>=the A level/the C level, more than 1n a case in
which the data D<n+1>=the ER level/the B level.

As above, the threshold distribution of the memory cell
MC 1s shifted depending on at least two factors in the data
write of the two-stage programming system, and thus, 1t 1s
desirable to more finely adjust the drain-side read pass
voltage to be used 1n the read sequence than in the case of
using the three-stage programming system.

Thus, 1n the third embodiment, the interference effect
between cells, which 1s caused i1n the data write of the
two-stage programming system, 1s corrected retroactively
through the read sequence to be described next.

As 1llustrated 1n FI1G. 17, the threshold distribution of the

ER level 1s shifted to the positive voltage side as the
threshold voltage Vth of the neighboring memory cell
MC<n+1> increases in the case of the two-stage program-
ming system as indicated by the dashed line in FIG. 17.
Thus, 1t 1s desirable to use the read level indicated by
the white arrow 1n FIG. 17 as the A-level read. Meanwhile,
regarding the program level, a tendency of the shiit
1s different due to the difference 1n the intensity of the
program of the upper stage to the neighboring memory cell
MC<n+1> between 1 a case in which the neighboring
memory cell MC<n+1> has the data D<n+1>=the ER level/
the B level, and a case in which the data D<n+1>=the A
level/the C level. In other words, as 1llustrated 1n FIG. 17,
the amount of shift of the threshold distribution 1s smaller in
a case 1n which the data D<n+1>=the ER level/the B level,
than 1n a case in which the data D<n+1>=the A level/the C
level. Thus, 1t 1s desirable to use the read level indicated by
the black arrow of FIG. 17 in the B-level read and the
C-level read.

As above, the group to be used during the A-level read and
the group to be used during the B-level read and the C-level
read are set separately, and the drain-side read pass voltage
1s adjusted using the different references 1n the third embodi-
ment.
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FIGS. 18 and 19 are diagrams that describe grouping of
the memory cell based on the data of the neighboring
memory cell in the semiconductor memory device according
to the third embodiment.

In the third embodiment, a group G1<n> and a group
(G2<n>, which are set using different references, are used.

The group G1<n> 1s used during the A-level read. The
group G1<n> 15 set based on the height (the data D<n+1>)
of threshold voltage Vth of the neighboring memory cell
MC<n+1>. In the case of FIG. 18, the group G1<n>=1 1n a
case 1n which the data D<n+1>=the ER level to the B level,
and the group Gl<n>=2 in a case i which the data
D<n+1>=the C level.

The group G2<n> 1s used during the B-level read and the
C-level read. The group G2<n> 1s set based on the amount
ol transition of threshold voltage Vth of the neighboring
memory cell MC<n+1> 1n the upper stage. In the case of
FIG. 18, the group G2<n>=1 1n a case in which the data
D<n+1>=the ER level/the B level, that 1s, such a value 1s
small, and the group G2<n>=2 1n a case 1n which the data
D<n+1>=the A level/the C level, that 1s, the value 1s large.

Incidentally, it 1s possible to arbitrarily set any data
D<n+1> to be used to divide the memory cell MC<n> into
the groups without being limited to the case of FIG. 18. For
example, as 1llustrated 1n FIG. 19, 1t may be set such that the
group G1<n>=1 1n a case 1n which the data D<n+1>=the ER
level/the A level, and G1<n>=2 1n a case in which the data
D<n+1>=the B level/the C level.

FIG. 20 1s a flowchart of the data read in the semicon-
ductor memory device according to the third embodiment,
and FI1G. 21 1s a diagram 1llustrating the operation waveform
during the data read in the same semiconductor memory
device. FIGS. 20 and 21 illustrate the case of the U-page

read 1 which the A-level read 1s executed to the memory
cell MC<n>.

The read sequence according to the third embodiment
includes two stages of a preliminary reading stage 1n which
the groups G1<n> and G2<n> of the memory cell MC<n>
are determined, and a main reading stage in which the data
of the memory cell MC<n> 1s read based on a result of the
preliminary reading stage.

Steps S310 to S350 of FIG. 20 are included 1in the
preliminary reading stage.

When the read sequence 1s initiated, first, the data
D<n+1> of the neighboring memory cell MC<n+1> 1s read
in Step S310. Here, first, the read pass voltage Vread_s1 1s
applied to the word line WL<n> (Step S311 in FIG. 21), the
read levels Vra, Vrb and Vrc are sequentially applied to the
neighboring word line WL<n+1>, and the A-level read, the
B-level read, and the C-level read are sequentially executed
to the neighboring memory cell MC<n+1> (Steps S312 to
S314 in FIG. 21). Here, the read level Vra 1s a voltage
between the threshold distributions of the ER level and the
Alevel, the read level Vrb 1s a voltage between the threshold
distributions of the A level and the B level, and the read level
Vrc 1s a voltage between the threshold distributions of the B
level and the C level. It 1s possible to determine the data
D<n+1> of the neighboring memory cell MC<n+1> through
Step S310.

Subsequently, the group Gl<n> of the memory cell
MC<n> 1s determined based on the data D<n+1> of the
neighboring memory cell MC<n+1>, and the result thereof
1s held 1n the latch circuit DL<1> 1n Steps S320 and S330.

FIG. 22 1s a diagram 1illustrating a relationship between
the group of the memory cell and a value of the latch circuit
in the semiconductor memory device according to the third

embodiment.
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In the first embodiment, three latch circuits DL <0> to <2>
are prepared for each of the bit lines BL. Further, the latch
circuit DL<0> 1s used to hold the final read data among these
latch circuits DL. In addition, the latch circuit DL<1> 1s
used to hold the mformation of the group G1l<n> of the
memory cell MC<n>, and the latch circuit DL<2> 1s used to
hold the information of the group G2<n> of the memory cell
MC<n>. In Step S330, values to be held 1n the latch circuit
DL<1> are just as illustrated in FIG. 22.

Subsequently, the group G2<n> of the memory cell
MC<n> 1s determined based on the data D<n+1> of the

neighboring memory cell MC<n+1>, and the result thereof

1s held 1n the latch circuit DL<2> 1n Steps S340 and S350.
In Step S330, values to be held in the latch circuit DL<2>

are just as illustrated 1n FIG. 22.
Steps S360 to S390 of FIG. 20 are included 1n the main
reading stage. Steps S360 and S370 thereof are included in

the A-level read to the memory cell MC<n>, and Steps S380

and S390 are included 1n the C-level read to the memory cell
MC<n>.

In Step S360, the A-level read which reads whether the
memory cell MC<n> of the group G1<n>=1 1s the ER level
1s executed. Here, first, the drain-side read pass voltage
Vreadla_al, relatively low, 1s applied to the neighboring
word line WL<n+1> (Step S361 1n FIG. 21), and the read
level Vra 1s applied to the word line WL<n> (Step S362 1n
FIG. 21). Subsequently, the data D<n> of the memory cell
MC<n> 1s detected by the sense amplifier circuit SA.
Thereatter, calculation 1s performed using the values of the
sense amplifier circuit SA and the latch circuit DL<1>. From
such calculation, only the data D<n> of the memory cell
MC<n> of the group G1<n>=1 1s reflected as a value of the
latch circuit DL<0>.

Subsequently, the A-level read to the memory cell
MC<n> of the group G1<n>=2 1s executed 1n Step S370.
Here, first, the drain-side read pass voltage Vreadla_a2,
relatively high, 1s applied to the neighboring word line
WL<n+1> (Step S371 1n FIG. 21) while maintaining the
read level Vra of the word line WL<n> (Step S372 1n FIG.
21). Here, the drain-side read pass voltage Vreadla_a2 1s a
voltage higher than the drain-side read pass voltage Vread-
la_al of the case of the group G1<n>=1. Subsequently, the
data D<n> of the memory cell MC<n> 1s detected by the
sense amplifier circuit SA. Therealter, calculation 1s per-
tformed using the values of the sense amplifier circuit SA and
the latch circuit DL<1>. From such calculation, only the
data D<n> of the memory cell MC<n> of the group
G1<n>=2 1s reflected as the value of the latch circuit DL<0>

Subsequently, the C-level read to the memory cell
MC<n> of the group G2<n>=1 1s executed 1n Step S380.
Here, first, a drain-side read pass voltage Vreadla_cl1, rela-

tively low, 1s applied to the neighboring word line WL<n+1>
(Step S381 1n FIG. 21), and the read level Vrc 1s applied to

the word line WL<n> (Step S382 in FIG. 21). Here, the
drain-side read pass voltage Vreadla_cl 1s a voltage lower
than the drain-side read pass voltage Vreadla_a2 of the case
of the group G1<n>=2. Incidentally, the read pass voltage
Vreadla_cl may be the same as the drain-side read pass
voltage Vreadla_al of the case of the group Gl<n>=l.
Thereatter, the data D<n> of the memory cell MC<n> 1s
detected by the sense amplifier circuit SA. Thereaiter, cal-
culation 1s performed using the values of the sense amplifier
circuit SA and the latch circuit DL<2>. From such calcula-
tion, only the data D<n> of the memory cell MC<n> of the
group G2<n>=1 1s reflected as the value of the latch circuit

DL<0>.
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Finally, the C-level read to the memory cell MC<n> of the
group G2<n>=2 1s executed i Step S390. Here, first, a
drain-side read pass voltage Vreadla_c2, relatively hugh, 1s
applied to the neighboring word line WL<n+1> (Step S391
in FI1G. 21) while maintaiming the read level Vrc of the word
line WL<n> (Step S392 1 FIG. 21). Here, the drain-side
read pass voltage Vreadla_c2 1s a voltage higher than the
drain-side read pass voltage Vreadla_c1 of the case of the
group G2<n>=1, and i1s the voltage different from the
drain-side read pass voltage Vreadla_a2 of the case of the
group G1l<n>=2. In the example of FIG. 20, the drain-side
read pass voltage Vreadla_a2 1s higher than the drain-side
read pass voltage Vreadla_c2. Subsequently, the data D<n>
of the memory cell MC<n> 1s detected by the sense ampli-
fier circuit SA. Thereafter, calculation 1s performed using the
values of the sense amplifier circuit SA and the latch circuit
DL<2>. From such calculation, only the data D<n> of the
memory cell MC<n> of the group G2<n>=2 1s retlected as
the value of the latch circuit DL<0>.

The read sequence according to the first embodiment 1s
described as above.

In the case of the data write of the two-stage programming,
system, the intluence of the interference effect between cells
to the threshold distribution of the ER level and the threshold
distributions of the A to C levels are manifested in different
tendencies. Thus, 1t 1s diflicult to perform the suitable
adjustment even when the drain-side read pass voltage 1s
umiformly controlled in each read of all the levels. In regard
to such a point, the group set by the reference, diflerent from
that of another group to be used during the read of another
level, 1s used during the A-level read in the third embodi-
ment, and thus, 1t 1s possible to adjust the drain-side read
pass voltages which are suitable respectively to the A-level
read and the read of the other level.

As above, according to the third embodiment, 1t 1s pos-
sible to provide the semiconductor memory device which
causes few errors 1n the read, similar to the first and second
embodiments, even in the case of using the data write of the
two-stage programming system.

| Others]

As above, the description has given regarding certain
embodiments of the invention, but these embodiments have
been presented only as examples, and are not intended to
limit the scope of the mventions. The novel embodiments
described herein can be embodied 1n a variety of other
forms, and various omissions, substitutions and changes can
be made 1n the scope not departing from the spirit of the
invention. These embodiments and modifications thereof are
included in the spinit and scope of the invention as well as
in the invention set forth in the appended claims and the
scope of equivalents thereof.

What 1s claimed 1s:

1. A semiconductor memory device comprising:

a memory cell array that has a memory string including a
plurality of memory cells connected 1n series, and a
plurality of word lines connected to the memory cells;
and

a control circuit that executes data write and data read to
the memory cells,

one of the memory cells storing data based on a threshold
value having a plurality of levels different from each
other,

the levels including an erase level and a plurality of
program levels,

the memory cells having an erase distribution correspond-
ing to the erase level and a program distribution and a
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temporal distribution corresponding to each of the
program levels as a threshold distribution,

the temporal distribution having a wider width than the
corresponding program distribution,

the control circuit, during the data write to one of the
memory cells, sequentially executing;

an erasing stage in which the threshold value of the
memory cell 1s transitioned into the erase distribu-
tion;

a preliminary programming stage 1in which the thresh-
old value of the memory cell 1s transitioned into the
temporal distribution corresponding to write data;
and

a main programming stage in which the threshold value
of the memory cell 1s transitioned into the program
distribution corresponding to the write data,

the memory cells including a first memory cell and a
neighboring memory cell which neighbors on the first
memory cell,

the word lines including a neighboring word line con-
nected to the neighboring memory cell, and

the control circuit executing a main reading stage, during

the data read to the first memory cell, which includes a
main reading step of adjusting a read pass voltage to be
applied to the neighboring word line based on a mag-
nitude of a threshold value of the neighboring memory
cell, and reading whether the first memory cell 1s the
erase level.

2. The semiconductor memory device according to claim

1,

wherein the control circuit executes a preliminary reading
stage 1n which data of the neighboring memory cell 1s
read prior to executing the main reading stage during
the data read to the first memory cell.

3. The semiconductor memory device according to claim

2,

wherein one of the memory cells belongs to one of a
plurality of groups, and

the control circuit determines any one of the groups to
which the first memory cell belongs based on the data
of the neighboring memory cell during the preliminary
reading stage.

4. The semiconductor memory device according to claim

3,

wherein the control circuit has a latch circuit, and holds
information of the group to which the first memory cell
belongs in the latch circuit during the preliminary
reading stage.

5. The semiconductor memory device according to claim

3,

wherein the control circuit adjusts the read pass voltage to
be applied to the neighboring word line based on the
group to which the first memory cell belongs during the
main reading step.

6. The semiconductor memory device according to claim

3,

wherein the control circuit adjusts the read pass voltage to
be applied to the neighboring word line to a different
value at time of reading whether data of the first
memory cell 1s the erase level during the main reading
step.

7. The semiconductor memory device according to claim

3,

wherein a number of the groups 1s smaller than a number
of the levels.

8. The semiconductor memory device according to claim

3,
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wherein the read pass voltage to be applied to the neigh-
boring word line increases as the threshold value of the
neighboring memory cell increases.

9. The semiconductor memory device according to claim

1,

wherein the control circuit adjusts the read pass voltage to
be applied to the neighboring word line only one time
at time of reading whether data of the first memory cell
1s the erase level during the main reading step.

10. The semiconductor memory device according to claim

1,
wherein one of the memory cells stores eight-value data.
11. A semiconductor memory device comprising:
a memory cell array that has a memory string including a
plurality of memory cells connected 1n series, and a
plurality of word lines connected to the memory cells;
and
a control circuit that executes data write and data read to
the memory cell,
one of the memory cells storing data based on a threshold
value having a plurality of levels different from each
other,
the levels including an erase level and a plurality of
program levels,
the memory cells having an erase distribution correspond-
ing to the erase level, a program distribution corre-
sponding to each of the program levels, and an inter-
mediate distribution positioned between the erase
distribution and a predetermined one of the program
distributions as a threshold distribution,
the control circuit, during the data write to one of the
memory cells, sequentially executing:
an erasing stage in which the threshold value of the
memory cell 1s transitioned into the erase distribu-
tion;

an 1ntermediate programming stage 1 which the
threshold value of the memory cell i1s transitioned
into the mtermediate distribution in a case in which
write data; corresponds to the program distribution
higher than the intermediate distribution; and

a main programming stage in which the threshold value
of the memory cell 1s transitioned mto the program
distribution corresponding to the write data,
the memory cells including a first memory cell and a
neighboring memory cell which neighbors on the first
memory cell,
the word lines including a neighboring word line con-
nected to the neighboring memory cell, and
the control circuit executing a main reading stage, during
the data read to the first memory cell, which includes:
a first main reading step of adjusting a read pass voltage
to be applied to the neighboring word line based on
a magnitude of a threshold value of the neighboring
memory cell, and reading whether the first memory
cell 1s the erase level; and

a second main reading step of adjusting the read pass
voltage to be applied to the neighboring word line
based on an amount of transition of the threshold
value of the neighboring memory cell 1 the pro-
gramming stage to the neighboring memory cell, and
reading whether the first memory cell 1s a predeter-
mined one of the program levels.

12. The semiconductor memory device according to claim

11,

wherein the control circuit executes a preliminary reading

stage 1n which data of the neighboring memory cell 1s
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read prior to executing the main reading stage during
the data read to the first memory cell.
13. The semiconductor memory device according to claim

12,
wherein one of the memory cells belongs to one of a
plurality of first groups, and one of a plurality of second
groups, and
the control circuit determines any one of the first groups
to which the first memory cell belongs and further
determines any one of the second groups to which the
first memory cell belongs based on the data of the
neighboring memory cell during the preliminary read-
ing stage.
14. The semiconductor memory device according to claim
13,
wherein the control circuit has a latch circuit, and holds
information of the first group and the second group to
which the first memory cell belongs 1n the latch circuit
during the preliminary reading stage.
15. The semiconductor memory device according to claim
13,
wherein the control circuit adjusts the read pass voltage to
be applied to the neighboring word line based on the
first group to which the first memory cell belongs
during the first main reading step.
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16. The semiconductor memory device according to claim
13,
wherein the control circuit adjusts the read pass voltage to
be applied to the neighboring word line based on the
second group to which the first memory cell belongs
during the second main reading step.

17. The semiconductor memory device according to claim
13,
wherein the second groups are different from the first
groups.
18. The semiconductor memory device according to claim
13,
wherein the first groups are set based on the magnitude of
the threshold value of the neighboring memory cell.
19. The semiconductor memory device according to claim
13,
wherein the second groups are set based on the amount of
transition of the threshold value of the neighboring
memory cell 1 the programming stage to the neigh-

boring memory cell.
20. The semiconductor memory device according to claim

11,
wherein one of the memory cells store four-value data.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

